Mapping spatial variability of soil properties is the key to efficient soil resource 13 management for sustainable crop yield in coastal areas. Therefore, the present study was 14 conducted to assess the spatial variability of soil properties like -acidity (pH), salinity 15 (Electrical Conductivity (EC)), organic carbon, available K, available P, exchangeable Ca 2+ , 16 exchangeable Mg 2+ , available S and hot water soluble B in surface (0-20 cm) and subsurface (20-17 40 cm) soil layers of oil palm plantations in south Goa and north Goa districts of Goa situated in 18 west coastal area of India. A total of 128 soil samples were collected from 64 oil palm 19 plantations of Goa located at an approximate interval of 5-7 km and analyzed. Soil was acidic to 20 neutral in reaction. Other soil properties varied widely in both the soil layers. Correlations 21 between soil pH and exchangeable Ca 2+ , between soil EC and available K, between available P 22 Solid Earth Discuss., and available S and between exchangeable Ca 2+ and exchangeable Mg 2+ in both the soil layers 23
. Oil palm is cultivated in an area of approximately 1000 ha which is 1% of agricultural 112 land in the state. The sampling area lies between 15°6.8 ‫׳‬ 96″ N to 15°41.7′26″ N latitudes and 113 74°76 ‫׳‬ 60″ to 73°56 ‫׳‬ 78″ E longitudes with altitude ranging from 4 to 90 meter above sea level. 114 The climate of the area is tropical monsoon type. Hot and humid climate prevails for most of the 115 year. Annual mean rainfall (average of 30 years) is 2926 mm, concentrated from early June to 116 late September. On average, May is the warmest month, with temperature peaks over 35°C 117 (during 24 h) and relative humidity of 70%. Goa experiences short winter seasons between mid- 118 December and February and these months are marked by mean night temperature of 119 approximately 21°C and mean day temperature of around 28°C with relative humidity of 120 65%. According to Bhattacharyya et al., (2013) , the main soils in the study area are Inceptisols 121 (26, 000 ha), Ultisols (4, 000 ha), Entisols (3,000 ha) and Alfisols (3, 000 ha) (classified as in 122 Soil Survey Staff, 2014) , sandy loam to silty loam texture, developed from granite, granite-123 gneiss, quartzite/schistose and basalt. 124 2.2 Soil sampling, processing and analysis 125 A total of 128 soil samples i.e. 64 from 0-20 cm (surface) and 64 from 20-40 cm (sub-126 surface) depths were collected at random points inside 3-m radius from the palm during the 127 survey to assess soil properties of oil palm plantations at an approximate interval of 5 to 7 km. available S (CaCl 2 -S) and hot water extractable B (HWB). Determination of soil pH and EC 135 (1:2 soil water ratio (w/v) suspension) were carried out using pH-meter and conductivity meter 136 (Jackson, 1973) . Walkley-Black method (Walkley and Black, 1934) was followed for assessing 137 soil OC content. NH 4 OAc-K was estimated after extracting soil samples with neutral 1 N 138 ammonium acetate solution (Hanway and Heidel, 1952) followed by flame photometry 139 estimation. Available P was extracted using Bray's P-1 reagent (Bray and Kurtz, 1945) and 140 estimated through spectrophotometry. Ca 2+ and Mg 2+ were extracted using neutral normal 141 ammonium acetate solution (Jones, 1998) and estimated through atomic absorption spectrometry.
142
Available S was estimated by the turbidity method (Williams and Steinbergs, 1969) . HWB 143 content was estimated through Azomethine-H reagent (Gupta, 1967) using spectrophotometry. The descriptive statistics like minimum, maximum, mean, standard deviation (SD), 146 coefficient of variation (CV), and skewness for soil properties were computed using the SAS 9.2 147 software pack (SAS, 2011) . Relationship among the estimated soil properties were established 148 using Pearson's correlation coefficient analysis at p ≤ 0.05 and p ≤ 0.01.
149
ArcMap 10.1 (ESRI, 2012) was used to analyze the spatial structure of soil properties.
150
Before using geostatistics, normality of data distribution were checked by Shapiro-Wilk test at 5% 151 (Shapiro and Wilk, 1965) . Soil properties like pH and OC content in both the soil layers and CaCl 2 -152 S content in subsurface soil layers exhibited normal distribution (Table 1) . While, data 153 transformation to normal distribution was carried out for rest of the soil properties. Trend of the 154 data set was checked and removed. The semivariogram models of soil properties were derived as 155 described by Goovaerts (1997) and Tesfahunegn et al. (2011) . Earth Discuss., doi:10.5194/se-2016 -9, 2016 Manuscript under review for journal Solid Earth Published: 28 January 2016 c Author(s) 2016. CC-BY 3.0 License.
156

Solid
(1)
157
Where γ (h) is the experimental semivariogram, m(h) is number of sample value pairs, 158 Z(X i ), Z(X i +h) are sample values at two points. Best fitted semivariogram model for each soil 159 property was selected by using the cross validation technique.
160
Semivariogram parameters like nugget/sill ratio and range were obtained for soil 161 properties. The nugget/sill ratio expressed in percentage was used to classify the spatial 162 dependence of variables (Oliver and Webster, 2014) . Ratio values less than or equal to 25%, 163 between 25 and 75%, more than 75% were considered strongly, moderately and weakly spatially 164 dependent, respectively (Behera et al., 2011) . Best-fit semivariograms models were selected by 165 cross-validation technique. Mean square error (MSE) was estimated to predict the accuracy of 166 models (Utset et al., 2000) .
167
(2) 168 Accuracies of interpolated maps were checked by the goodness-of-prediction criterium G 169 (Agterberg, 1984) . According to Parfitt et al. (2009) , positive and negative and close to zero 170 values of G indicate that the map obtained by interpolating data from the samples is more 171 accurate than average value of the area and the average value predicts the values at un-sampled 172 locations as accurately as or even better than the sampling estimates, respectively. Ordinary 173 kriging interpolation was carried out to develop spatial distribution maps for soil properties. property was selected by using the cross validation technique.
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187
The mean values of soil pH were acidic in both surface (5.35) and subsurface (5.28) soil 188 layers ( Table 1 ). The acidic nature of soil in the studied area may be due to acidic parent material 189 and prevailing rainfall pattern. The best-fit semivariogram models and parameters of studied soil properties are given in 219   Table 3 . The best fit models for soil properties of studied areas were spherical, linear, properties was also measured by the G values (Table 3) staff, farm managers, extension officers and farmers. This will help in visualizing soil fertility 289 status for planning appropriate strategies for efficient site specific soil nutrient management and 290 variable-rate fertilizer application technology. It leads for obtaining optimum output and oil palm 291 yield which can provide environmentally sustainable maximum return to famers with optimum 292 input utilization combined with best management practices (Fu et al., 2010; Behera et al., 2012) .
293
The areas with low and medium nutrient status require more amount of fertilizer application as 294 compared to areas having high nutrient status. For example, exchangeable Mg 2+ status is low in 295 southern part of the area compared to northern part. Therefore, the requirement of Mg fertilizer 296 application is more in southern part compared to northern part. EC-electrical conductivity, dS m -1 ; OC-organic carbon, g kg -1 ; K, mg kg -1 ; P, mg kg -1 ; exchangeable Ca 2+, mg kg -1 ; exchangeable Mg 2+ , mg kg -1 ; S, mg kg -1 ;HWB, hot water soluble B, mg kg -1 ; MSE-mean square error; G-goodness-of-prediction criterium. Earth Discuss., doi:10.5194/se-2016 -9, 2016 Manuscript under review for journal Solid Earth Published: 28 January 2016 c Author(s) 2016. CC-BY 3.0 License. 
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